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COMPLEX-ADMITTANCE 
DIGITAL-TO-ANALOG CONVERTER 

RELATED APPLICATIONS 

None 

FIELD OF THE DISCLOSURE 

The present disclosure relates to digital-to-analog convert 
ers (DACs), and more speci?cally to DACs comprising non 
trivially-complex admittance elements. 

BACKGROUND 

The function of a DAC is to produce an analog output 
variable aom (for example current or voltage), Which is related 
to a digital input signal dk (Where k ranges from 0 to n— 1, and 
each dk usually is a bit representing a binary state of 0 or 1) by 
some set of bit Weights uk and a reference quantity R. Spe 
ci?cally, 

Many codings are known, including binary: 

1 
wk : 2k”, or wk : — 

n 

TWo architectures Which implement this function are the volt 
age-sWitched resistor DAC and the charge-scaling DAC. 
As illustrated in FIG. 1, a voltage-sWitched resistor DAC 

includes a collection of accuracy-determining resistors each 
connected at one end to a single node. The opposite ends of 
the resistors are then individually and selectively sWitched 
betWeen tWo or more terminals according the binary state of 
the corresponding bit of the digital input signal. When the 
resistors are siZed by RkIRZJWk for some chosen value of R1, 
and the resistors connected to a voltage VR or 0 for dfl or 0 
respectively, the circuit behaves as a constant resistance 

k: 

to a voltage in accordance With Equation (1), Where RIVR. 
An application of a four-element voltage-sWitched resistor 

DAC is shoWn as circuit 100 in FIG. 1. Resistors 102-105 and 
sWitches 132-135 comprise the netWork described above. 
Operational ampli?er 145 and feedback resistor 140 provide 
a buffered output voltage in accordance With Equation 1 , With 

A charge-scaling DAC, an example of Which is shoWn in 
FIG. 2 includes a collection of accuracy-determining capaci 
tors connected at one end to a single node. The opposite ends 
of the capacitors are then individually sWitched betWeen tWo 
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2 
or more terminals on the basis of a digital input signal. An 
additional sWitch is required to de?ne the initial condition of 
the capacitors by setting the voltage at the node. When the 
capacitors are siZed by CkICTWk, the circuit behaves as a 
constant capacitance 

nil 

k: 

to a voltage in accordance With Equation (1), determined by 
the initial conditions and the voltages present at the terminals. 
An application of a four-element charge-scaling DAC is 

shoWn as circuit 200 in FIG. 2. Capacitors 202-205 and 
sWitches 232-235 are the netWork above, With sWitch 230 
providing the initial conditions. Transconductance ampli?er 
245 and feedback capacitance 240 provide a buffered output 
at vOUT in accordance With Equation 1 . Speci?cally, if sWitch 
230 Was most recently closed With VRIVRO and dkIek, then 
When sWitch 230 is opened, 

Vour : 

The implied subtraction function is useful in constructing 
successive-approximation ADCs using the DAC netWork to 
additionally provide the required sample-and-hold and resi 
due-subtraction functions. A description of a charge-scaling 
DAC used in a successive-approximation ADC is provided in 
J. L. McCreary and P. R. Gray, “All-MOS Charge Redistri 
bution Analog-to-Digital Conversion TechniquesiPart I,” 
IEEE J. Solid-State Circuits, vol. SC-10, pp. 371-379, 
December 1975, and incorporated herein by reference. 
The tWo voltage-sWitched DAC architectures described 

above have differing performance characteristics. Speci? 
cally, the architectures described both include accuracy-de 
termining elements and accuracy-degrading elements. The 
accuracy-determining elements are those Which are inten 
tionally inserted into the DAC and Whose values are chosen to 
give the desired Weights and accuracy. In the case of the 
voltage-sWitched resistor DAC, this corresponds to the resis 
tors, and in the charge-scaling DAC to the capacitors. 
Added to these elements are a number of accuracy-degrad 

ing elements and other factors. For the voltage-sWitched 
resistor DAC, for example, the on-state resistance of the 
sWitches, the parasitic resistance of interconnect Wiring, and 
the non-Zero impedance provided by the source of the refer 
ence all degrade the accuracy that Would be attainable With 
the resistors alone. For the charge-scaling DAC, parasitic 
interconnect capacitances degrade the accuracy. Additional 
degradation occurs due to self-heating effects in the resistors 
of the voltage-sWitched resistor DAC and leakage currents of 
the capacitors of the charge-scaling DAC. 
The settling speed of the tWo approaches depends greatly 

on the implementation details. The voltage-sWitched resistor 
DAC’s settling behavior is determined primarily by the par 
allel impedance of the resistors and the parasitic capacitance 
of the output. The charge-scaling DAC’s behavior, on the 
other hand, is determined by the parasitic parallel impedance 
of the sWitches and interconnect and the total parallel capaci 
tance. 



US 7,916,057 B2 
3 

Ignoring the noise of the required references and biases, the 
noise of the voltage-sWitched resistor DAC is determined by 
the value of the parallel resistance, so both speed and noise 
may be improved by lowering R1, at the cost of exacerbating 
the impact of the accuracy-degrading factors described 
above, and draWing additional poWer. 

The charge-scaling DAC’s noise, on the other hand, is 
determined by the \/kT/CT noise sampled at the end of the 
reset phase, so better noise and accuracy comes at the cost of 
sloWer settling and increased poWer. 
The reference current draW of the voltage-sWitched resistor 

DAC has a loW frequency component Which varies non-lin 
early With the output and thereby degrades the system accu 
racy. On the other hand, the charge-scaling DAC has high 
inrush currents When it is sWitched, also causing an accuracy 
degrading disturbance to the system. 

Thus, there are drawbacks to both voltage-sWitched and 
charge-scaling DAC architectures as described above. It is 
therefore desirable to produce a neW DAC structure Which 
alloWs less constrained optimiZation of the performance. 

SUMMARY OF THE DISCLOSURE 

In accordance With one aspect of the disclosure embodi 
ments, a circuit includes digital-to-analog converter con?g 
ured to produce an analog output signal (1) proportional to a 
reference signal and (2) as a function of a digital input signal. 
The converter comprises a plurality of non-trivially complex 
admittances con?gured so that each non-trivially complex 
admittance can be selectively sWitched as a function of the 
digital input signal so as to be coupled betWeen a reference 
terminal con?gured to receive a reference signal and an out 
put terminal. 

In accordance With another aspect of the disclosed embodi 
ments, a method of converting a digital signal to an analog 
signal comprises selectively sWitching non-trivially complex 
admittances as a function of the digital signal betWeen a 
reference terminal and an output terminal. 

Finally, in accordance With another aspect, of the disclosed 
embodiment, a circuit includes a digital-to-analog converter 
con?gured to produce an analog output signal (1) propor 
tional to a reference signal and (2) as a function of a digital 
input signal. The converter comprises: at least one reference 
terminal con?gured to receive the reference signal; an output 
terminal con?gured to provide the analog output signal as a 
function of the digital input signal; a plurality of non-trivially 
complex admittances; and a plurality of sWitches responsive 
to the digital input signal and con?gured to selectively couple 
the non-trivially complex admittances betWeen the reference 
terminal or terminals and the output terminal. 

GENERAL DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of a prior art application of a voltage 
sWitched resistor DAC; 

FIG. 2 is a schematic of a prior art application of a charge 
scaling DAC; 

FIG. 3 is a schematic of a portion of a one embodiment of 
a complex-admittance DAC in accordance With the principles 
disclosed herein; 

FIG. 4 is a schematic of a portion of one embodiment of a 
complex-admittance DAC using a series resistor-capacitor 
for each non-trivially complex admittance element; 

FIGS. 5A-5E are schematics of ?ve additional embodi 
ments of different types of admittance elements that can be 
used in a non-trivially-complex admittance DAC in accor 
dance With the principles disclosed herein. 
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4 
FIG. 6 is a schematic of a 10-bit successive approximation 

analog-to-digital converter (ADC) embodiment including a 
non-trivially-complex admittance DAC; 

FIG. 7 is a schematic of a 14-bit successive approximation 
ADC employing a non-trivially-complex admittance DAC 
With additional improvements; and 

FIG. 8 is a schematic of an alternative compound non 
trivially-complex admittance DAC. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In order to address the above-noted draWbacks of voltage 
sWitched and charge-scaling DAC architectures, a voltage 
sWitched DAC can be designed that includes scalar-Weighted 
complex admittances as its accuracy-determining elements to 
give performance superior to the voltage-sWitched resistor 
DAC or charge-scaling DAC in several regards. An example 
of a four-element embodiment is shoWn as circuit 300 in FIG. 
3 as an illustration. Each box contains a non-trivially complex 
admittance: a netWork of one or more elements Which pre 
sents an admittance betWeen its terminals Which is neither 
purely real nor purely imaginary. Moreover, the non-trivially 
complex admittances are the intentional accuracy-determin 
ing elements of the DAC. 
The admittances are scaled from a master admittance YTby 

the bit-Weights Wk. For the ith resistor, capacitor, or inductor 
contained in admittance k, the folloWing can be expressed: 

SWitch 330 is used to set the initial conditions of the admit 
tances in the cases WhereinYT has Zero DC admittance. It is 
unnecessary for embodiments With non-Zero DC admittance. 

These principles are shoWn in the embodiment of circuit 
400 in FIG. 4. In circuit 400 the master admittance YT is a 
resistor and capacitor connected in series. Scaling from the 
master admittance is accomplished by multiplying the indi 
vidual resistor and capacitor admittances by the bit Weightsi 
that is to say the capacitor values are multiplied by the bit 
Weights, and the resistor values divided by them. 

In operation, circuit 400 behaves similarly to the charge 
scaling DAC 200. It must be used in a sampled fashion 
because the DC value of the admittance driving vOUTis Zero. 
During a reset phase, sWitch 430 is closed, and sWitches 
432-435 are set to a knoWn state, charging capacitors 402-405 
based on that state and VB. SWitch 430 is then opened, and 
sWitches 432-435 are controlled by the digital input signal d. 
This causes vOUT to change by an amount determined by the 
references and the digital Word, obeying Equation (1) just as 
circuit 200 does. 

This con?guration has performance advantages compared 
to both the charge scaling DAC and the resistor DAC. The 
?nal accuracy is dependent only on the capacitor matching. 
Furthermore, the accuracy degradations associated With cur 
rent draW are also reduced. Also in common With the charge 
scaling DAC, signal functions, sampling, and arithmetic may 
be conducted using the charge-storage of the capacitors. The 
fast transient behavior is determined by the resistor, thus the 
peak current draWn during transition is limited by the resistor. 

Settling to the accuracy of the resistor matching happens at 
the same speed as an equivalent-valued resistor DAC, and it is 
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possible to make this faster than the settling of an equivalent 
valued charge-scaling DAC. Moreover, because the ?nal 
accuracy is determined by the capacitors, the resistor values 
may be made smaller Without incurring ?nal accuracy penal 
ties due to the siZe of the resistors. 

Examples of some alternative embodiments of the non 
trivially complex admittances are shoWn in FIGS. 5A-5E. An 
admittance constructed of a resistor 802 and a capacitor 805 
in parallel, as shoWn in FIG. 5A, alloWs selection of a large 
resistor, Which is desirable for accuracy, poWer, and reference 
current reasons (as described above) Without paying the noise 
or speed penalties associated With the large value. As in a 
resistor DAC the output accuracy continues to be good inde? 
nitely, even in the presence of small leakages. 

Using an inductor 815 and resistor 812 in series as the 
admittance as shoWn in FIG. 5B produces a DAC Which has 
no appreciable high-frequency reference current draW. 
Whereas a resistor DAC has sharp steps in its current Wave 
form at sWitching instants, the series L-R combination has an 
exponential change betWeen levels. 

The R-L-C admittance of the FIG. 5C embodiment 
includes resistor 825 connected in parallel With inductor 827, 
and both in series With capacitor 822. This arrangement loW 
ers the noise of a series R-C admittance by shorting the 
broadband resistor noise at high frequency, and speeds its 
transition to capacitor-based accuracy by making the settling 
behavior that of a second-order system. 

The embodiment of the admittance netWork of illustrated 
in FIG. 5D is a combination of the netWorks of FIG. 5A and 
circuit 400 of FIG. 4. The capacitor 835 is in series With the 
resistor 837, With both connected in parallel With the resistor 
832. This arrangement gives the settling and current-draW 
characteristics of a series R-C, With bounded long-term accu 
racy loss, and gives the bene?ts of the parallel R-C netWork of 
FIG. 5A Without the very high transition currents that the 
simple parallel netWork Would have. 
The embodiment of the netWork of FIG. SE is a combina 

tion of the embodiments of FIGS. 5A and 5C, Wherein resistor 
842 is connected in parallel With capacitor 845, the combina 
tion connected in series With the parallel connection of induc 
tor 847 and resistor 849. This arrangement offers the desirable 
settling and noise characteristics of the R-L-C admittance, 
While also maintaining a bounded long-term accuracy loss. It 
should be evident that many other admittance netWorks can 
be derived providing distinct advantages Which may be suited 
for certain applications. 

Returning to circuit 400 of FIG. 4, an improvement may 
also be realiZed by including the on-state admittance of the 
sWitches in the series conductance (e.g. siZing the sWitches to 
have Weighted admittances as Well). Such an arrangement 
provides a greater bene?t in the context of circuit 400 due to 
the explicitly included conductance in the admittance net 
Work, Which reduces the effect of non-linearity of the 
sWitches. 
The ?nite output admittance of the circuit supplying the 

reference voltage degrades the accuracy of the resistor set 
tling. Thus, a further accuracy improvement may be realiZed 
by controlling that reference circuit such that its output admit 
tance may be included in the series conductance of the com 
plex admittance. TWo possible methods of accomplishing this 
are to adjust the reference output admittance on the basis of 
Which complex admittances are connected to it, or to provide 
a separate reference terminal to each admittance, each refer 
ence having an output admittance scaled by the bit Weight of 
the non-trivially complex admittance to Which it Will be con 
nected. 
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6 
The aggregate settling behavior can be made very fast to a 

moderate accuracy, With full capacitor accuracy resulting 
after su?icient RICTtime constants. This behavior is particu 
larly desirable in a successive-approximationADC With error 
correction (that is, a converter built With at least one bitia 
“correction b1I”iWh1Ch is larger than its appropriate binary 
Weight, Which can compensate for transitory errors in the 
early decision process of a siZe appreciably larger than the 
overall converter resolution). In such a con?guration, the 
initial bit decisions may be made very quickly on the basis of 
the moderate-accuracy result, While the ?nal accurate deci 
sions are based on the high-accuracy result. 
An embodiment of this technique is shoWn as circuit 500 in 

FIG. 6. Circuit 500 comprises a DAC built in accordance With 
the principles of this invention (capacitors 502-512, resistors 
552-562, and sWitches 530, 532-542), plus sWitch 531 Which 
both samples the input signal and provides the initial condi 
tions for the admittances, and comparator 580 and succes 
sive-approximation control logic 585, Which operate the 
DAC in feedback to accomplish an analog-to-digital conver 
sion function. 
The operation of the circuit proceeds in similar fashion to 

standard charge-redistribution ADCs. HoWever, since the 
DAC is built With an error correction bit-the extra C1732 leg of 
elements 507, 537 and 557iit may make good use of the 
characteristics of the admittance DAC. The correction bit 
alloWs the higher orderbits (502-506, 532-536, and 552-556), 
to be decided on the basis of the fast, less accurate resistor 
settling instead of the sloWer high-accuracy capacitor set 
tling, and the loWer order bits to be decided on the basis of the 
accurate, sloWer capacitor settling, improving the accuracy/ 
speed tradeoff that Would otherwise be required With a volt 
age-sWitched resistor DAC or a charge-scaling DAC. Addi 
tionally, the inclusion of the resistors may dramatically 
reduce the peak currents ?oWing and draWn from VREF, 
Which Will improve overall system performance. 
A further embodiment incorporating additional improve 

ments is illustrated in the example of a 14-bit successive 
approximation converter shoWn as circuit 900 in FIG. 7. 
Circuit 900 contains four admittance DACs (comprised of 
components 902-915, 932-945, 952-965; of 1002-1015, 
1032-1045, 1052-1065; of 1102-1115, 1132-1145, 1152 
1165; and of 1202-1215, 1232-1245, 1252-1265) Which are 
operated together to perform the digital-to-analog function. It 
additionally contains capacitors 920, 1020, and resistors 970, 
1070, Which serve to couple pairs of DACs, capacitors 921, 
1021, resistors 971, 1071 and sWitches 929, 931, 1031, Which 
serve to sample the input voltage, and comparator 980 and 
control logic 985 Which control the action of the sWitches 
(connections not shoWn) to operate the DAC in feedback to 
accomplish an analog-to-digital conversion function. 

Circuit 900 is built to operate in a fully-differential fashion 
to provide for improved signal-to-noise ratio and rejection of 
common-mode disturbances. Circuit construction is com 
pletely symmetric, element 902 matching 1002, 921 match 
ing 1021, 1102 matching 1202, and so on. In operation, 
matching sWitches function complementarily. That is to say 
that if 932 is connected to ground, 1032 is connected to VREF, 
and vice-versa. As is typical of differential circuits, this 
operation improves the noise and accuracy performance of 
the circuit. 

Circuit 900 also employs a compound DAC structure 
related to that used in other voltage sWitched DACs to obtain 
a very Wide range of bit Weights Without requiring an equiva 
lently large range of Well matched admittances. The general 
technique used is to add one or more coupling admittances 
(920, 970 and 1020, 1070 in this case) Whose opposite ends 
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are driven, not by the reference, but by a voltage Which is a 
controllable fraction of the reference, as determined by the 
digital code input. In circuit 900, this is accomplished With the 
secondary DACs 1102-1115, 1132-1145, 1152-1165 and 
1202-1215,1232-1245 and 1252-1265, Which are operated as 
if they Were smaller capacitors connected to the main DAC 
outputs. Termination elements 1120, 1170 and 1220, 1270 are 
siZed (in accordance With the sizing of 920, 970 and 1020, 
1070) to obtain the desired scaling of the voltage effect on the 
main DAC outputs. 

Using the separate admittances 921, 971 and 1021, 1071 in 
conjunction With sWitches 929, 931, 1031 to sample the input 
provides independence from the input common mode, as it 
typically does in comparable charge-redistribution succes 
sive-approximation ADCs. With the sWitching scheme 
shoWn, the common mode of the input signal is substantially 
eliminated from the operation of the DACs themselves and 
the comparator 980. Since these admittances are also con 
nected to the DAC outputs, they are also constructed as mul 
tiples of the master admittance, that multiple controlling the 
conversion range of the input With respect to VREF. 

Setting of the initial conditions of the DACs is accom 
plished With sWitches 928, 930, 1030, 1128, 1130, and 1230, 
Which are turned on While the input is being sampled. 
SWitches 928, 930, and 1030 then serve the additional func 
tion of sampling the input signal. 

Circuit 1300 in FIG. 8 demonstrates an example of an 
alternative embodiment of the compound DAC structure 
employing some of the improvements described herein. Cir 
cuit 1300 shoWs only the DAC portion of one side of the 
replacement. A duplicate copy and appropriate additional 
hardware Would be required to attain the functionality of 
circuit 900. Circuit 1300 creates a coupling admittance Which 
is partially physically present in the circuit (the capacitor 
1320) and partly present by equivalence: the resistor netWork 
composed of elements 1370, 1452-1465, 1470, and 1483 
1487 has a combined output resistance of 26 RT, Which forms 
the resistive portion of the admittance. This alternate embodi 
ment eliminates the requirement of setting initial conditions 
for the secondary DAC. 

Returning to circuit 900, each DAC is built With a split bit 
Weight structure: for each Weight Wk that Would occur in a 
typical implementation, that Weight instead corresponds to 
tWo non-trivially complex admittances each With half the 
Weight, Which are then controlled in concert. For example, 
instead of the largest Weighted capacitor in each of the dif 
ferential DACs being C112, there are instead tWo capacitors 
having siZe C174 (902, 909 and 1002, 1009). This Weighting 
scheme is particularly advantageous to the successive 
approximation use of the DAC, a technique Which has been 
described in conjunction With charge-scaling DACs. See for 
example, B. P. Ginsburg and A. P. Chandrakasan, “An 
Energy-Ef?cient Charge Recycling Approach for a SAR 
Converter With Capacitive DAC,” IEEE Symp. Circuits & 
Systems, vol. 1, pp. 184-187, March 2005. As an example of 
its operation, in an initial reset state, sWitches 928, 930, 931, 
1030, 1031 are closed, sampling the input voltage on capaci 
tors 921, 1021. In this state, the sWitches of all of the DACs are 
in the state shoWn. That is to say, sWitches 932-938, 1039 
1045, 1132-1138, 1239-1245 are connected to ground While 
939-945, 1032-1038, 1139-1145, 1232-1238 are connected 
to VREF. The converter then transitions to performing a con 
version by opening sWitches 928, 930, 1030, then 931, 1031, 
then closing sWitch 929. After each bit is tested by the com 
parator, exactly one pair of DAC sWitches transitions to pre 
pare for the next bit test. For example, depending on the result 
of the ?rst bit test, either sWitches 932, 1032 are sWitched, or 
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8 
sWitches 939, 1039 are. In contrast, in circuit 700, after the 
?rst bit test, sWitch 733 is sWitched, and 732 is either sWitched 
or not depending on the result of the bit test. The operation of 
circuit 900 causes less system disturbance and draWs equal or 
less charge from the reference. Moreover, the disturbance is 
also much less dependent on the input voltage being con 
verted. Furthermore, each sWitch needs only transition in a 
single direction during the conversion process, Which means 
that it and the logic path Which controls it may be optimiZed 
for speed in a single direction, speeding the conversion pro 
cess. 

It should be apparent from the foregoing that a voltage 
sWitched DAC can be designed that includes scalar-Weighted 
non-trivially-complex admittances as its accuracy-determin 
ing elements to give performance superior to the voltage 
sWitched resistor DAC or charge-scaling DAC architectures. 
While this disclosure has been particularly shoWn and 

described With references to preferred embodiments thereof, 
it Will be understood by those skilled in the art that various 
changes in form and details may be made therein Without 
departing from the spirit and scope of the disclosure as 
de?ned by the folloWing claims. 

What is claimed is: 
1. A circuit including a digital-to-analog converter con?g 

ured to produce an analog output signal (1) proportional to a 
reference voltage signal and (2) as a function of a digital input 
signal, said converter comprising: 

at least one reference terminal con?gured to receive the 
reference voltage signal; 

an output terminal con?gured to provide the analog output 
signal as a function of the digital input signal; 

a plurality of non-trivially complex admittances, each of a 
knoWn and ?nite value; and 

a plurality of sWitches responsive to the digital input signal 
and con?gured to selectively couple the non-trivially 
complex admittances betWeen the reference terminal or 
terminals and the output terminal. 

2. The circuit of claim 1, Wherein the non-trivially complex 
admittances are substantially scalar multiples of a master 
admittance. 

3. The circuit of claim 2, Wherein the on-state admittances 
of the sWitches are scaled by similar multiples as those of the 
corresponding non-trivially complex admittances, so as to 
reduce or eliminate the accuracy degradation due to the 
admittance of each sWitch. 

4. The circuit of claim 2, further including at least one 
reference circuit coupled and presenting an admittance to the 
reference terminal, the admittance of the reference circuit 
being such that When coupled to the non-trivially complex 
admittances the accuracy degradation due to the admittance 
of the reference circuit is reduced or eliminated. 

5. The circuit of claim 4, further including a plurality of 
reference terminals, Wherein the admittance presented at each 
reference terminal is such that When coupled to anon-trivially 
complex admittance the accuracy degradation due to the input 
admittance provided each reference terminal is reduced or 
eliminated. 

6. The circuit of claim 1, Wherein the circuit comprises an 
analog-to-digital converter, the analog-to-digital converter 
including the digital-to-analog converter. 

7. The circuit of claim 6, Wherein an admittance separate 
from the digital to analog converter is used to sample the input 
signal. 

8. The circuit of claim 6, Wherein the analog-to-digital 
converter is con?gured to provide analog-to-digital conver 
sion at least partially by successive approximation. 
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9. The circuit of claim 8, wherein the analog-to-digital 
converter is con?gured to provide error correction as a part of 
successive approximation. 

10. The circuit of claim 8, Wherein the plurality of non 
trivially complex admittances have a split bit Weight struc 
ture. 

11. The circuit of claim 1, Wherein the circuit includes a 
differential circuit including a second digital-to-analog con 
ver‘ter having a second output terminal, the second digital-to 
analog converter producing an output signal at the second 
output terminal also representative of the same digital input 
signal, Wherein the tWo output terminals provide a substan 
tially differential output signal. 

12. The circuit of claim 1, further including a second digi 
tal-to-analog converter con?gured to operate With the ?rst 
mentioned digital-to-analog converter as a compound digital 
to analog converter, said second digital-to-analog converter 
comprising: 

an output terminal coupled to the output terminal of the ?rst 
mentioned digital-to-analog converter for providing an 
output analog signal indicative of a second digital input 
signal. 

13. A circuit including a digital-to-analog converter con 
?gured to produce an analog output signal (1) proportional to 
a reference voltage signal and (2) as a function of a digital 
input signal, said converter comprising: 

a plurality of non-trivially complex admittances, each of a 
knoWn and ?nite value, and con?gured so that each 
non-trivially complex admittance can be selectively 
sWitched as a function of the digital input signal so as to 
be coupled betWeen a reference terminal con?gured to 
receive a reference voltage signal and an output termi 
nal. 

14. The circuit of claim 13, Wherein the non-trivially com 
plex admittances are substantially scalar multiples of a master 
admittance. 

15. The circuit of claim 13, Wherein the circuit comprises 
an analog-to-digital converter, the analog-to-digital converter 
including the digital-to-analog converter. 

16. The circuit of claim 15, Wherein an admittance separate 
from the digital to analog converter is used to sample the input 
signal. 

17. The circuit of claim 15, Wherein the analog-to-digital 
converter is con?gured to provide analog-to-digital conver 
sion at least partially by successive approximation. 

18. The circuit of claim 17, Wherein the analog-to-digital 
converter is con?gured to provide error correction as a part of 
successive approximation. 

19. The circuit of claim 13, Wherein each non-trivially 
complex admittance includes at least one resistor and at least 
one susceptance element. 

20. The circuit of claim 19, Wherein the at least one sus 
ceptance element is a capacitor. 

21. The circuit of claim 19, Wherein the at least one sus 
ceptance element is an inductor. 

22. A method of converting a digital signal to an analog 
signal, the method comprising: 

selectively sWitching non-trivially complex admittances, 
each of a knoWn and ?nite value, as a function of the 
digital signal betWeen a reference voltage terminal and 
an output terminal. 

23. A method according to claim 22, Wherein selectively 
sWitching each of a plurality of non-trivially complex admit 
tance values includes selectively sWitching non-trivially 
complex admittances in a predetermined sequence. 

24. A method according to claim 23, Wherein the digital 
signal includes a plurality of binary bits capable of being 
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presented as either a binary state one or binary state Zero, and 
the values of the non-trivial complex admittances vary so as to 
correspond to all of the potential binary values of the bits of 
digital signal, and Wherein selectively sWitching non-trivially 
complex admittances includes selectively sWitching only 
those non-trivial complex admittances corresponding to 
those bits that presented as a binary state of one. 

25. A method of converting a digital input signal to an 
analog output signal, the method comprising 

receiving at least one reference voltage signal at a corre 
sponding reference terminal; 

providing the analog output signal at an output terminal as 
a function of the digital input signal; 

controlling a plurality of sWitches responsively to the digi 
tal input signal so as to selectively couple non-trivially 
complex admittances, each of a knoWn and ?nite value, 
betWeen the reference terminal or terminals and the out 
put terminal so that the analog output signal is (1) pro 
portional to a reference voltage signal and (2) a function 
of a digital input signal. 

26. The method of claim 25, further including arranging the 
non-trivially complex admittances so that they are substan 
tially scalar multiples of a master admittance. 

27. The method of claim 26, further including arranging the 
on-state admittances of the sWitches so that they are scaled by 
similar multiples as those of the corresponding non-trivially 
complex admittances, so as to reduce or eliminate the accu 
racy degradation due to the admittance of each sWitch. 

28. The method of claim 26, further presenting an admit 
tance of a reference circuit to the reference terminal such that 
When coupled to the non-trivially complex admittances the 
accuracy degradation due to the admittance of the reference 
circuit is reduced or eliminated. 

29. The method of claim 28, further including coupling the 
admittances to a plurality of reference terminals so that the 
admittance presented at each reference terminal is such that 
When coupled to a non-trivially complex admittance the accu 
racy degradation due to the input admittance provided each 
reference terminal is reduced or eliminated. 

30. The method of claim 25, Wherein converting a digital 
input signal to an analog output signal is performed Within an 
analog-to-digital converter. 

31. The method of claim 30, Wherein an admittance sepa 
rate from the non-trivially complex admittances is used to 
sample the input signal. 

32. The method of claim 30, further including converting 
an analog signal to a digital signal Within the analog to digital 
converter at least partially in accordance With successive 
approximation. 

33. The method of claim 32, further including providing 
error correction as a part of successive approximation. 

34. The method of claim 32, further including arranging the 
plurality of non-trivially complex admittances so that they 
have a split bit Weight structure. 

35. The method of claim 25, further including providing 
tWo analog output signals at tWo respective output terminals 
so as to provide a substantially differential output signal. 

36. The method of claim 25, further including providing 
tWo digital-to-analog converters, at least one of the converters 
including non-trivially complex admittances, and con?gured 
to operate as a compound digital to analog converter. 

37. A method of producing an analog output signal (1) 
proportional to a reference voltage signal and (2) as a function 
of a digital input signal, comprising: 

con?guring a plurality of non-trivially complex admit 
tances, each of a knoWn and ?nite value, so that each 
non-trivially complex admittance can be selectively 
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switched as a function of the digital input signal so as to 
be coupled between a reference terminal con?gured to 
receive a reference voltage signal and an output termi 
nal. 

38. The method of claim 37, Wherein con?guring the non 
trivially complex admittances includes con?guring the non 
trivially complex admittances so that they are substantially 
scalar multiples of a master admittance. 

39. The method of claim 37, Wherein producing an analog 
signal is performed Within an analog-to-digital converter. 

40. The method of claim 37, further including sampling the 
input signal With an admittance separate from the plurality of 
non-trivially complex admittances. 

41. The method of claim 39, Wherein con?guring a plural 
ity of non-trivially complex admittances so that each non 
trivially complex admittance can be selectively sWitched as a 
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function of the digital input signal so as to be coupledbetWeen 
a reference terminal con?gured to receive a reference voltage 
signal and an output terminal, Wherein the sWitching is per 
formed at least partially by successive approximation. 

42. The method of claim 41, Wherein sWitching includes 
error correction as a part of successive approximation. 

43. The method of claim 37, further including con?guring 
each non-trivially complex admittance so that it includes at 
least one resistor and at least one susceptance element. 

44. The method of claim 43, further including con?guring 
each non-trivially complex admittance so that it includes at 
least one resistor and at least one capacitor. 

45. The method of claim 43, further including con?guring 
each non-trivially complex admittance so that it includes at 
least one resistor and at least one inductor. 

* * * * * 


